 Based on Z-scan technique, the nonlinear absorption characteristics and nonlinear refraction characteristics of ZnO crystal, ZnS crystal and ZnSe crystal were studied under the picosecond (ps) laser pulses and the femtosecond (fs) laser pulses respectively. The experimental results show that the nonlinear absorption characteristics of the three kinds of crystals are reverse saturable absorption mainly due to two-photon absorption under the ps laser pulses. The nonlinear refraction characteristics are self-defocusing and the nonlinear refractive indexes are positive because of free carrier. The nonlinear absorption characteristics of the ZnO crystal and ZnS crystal are reverse saturable absorption mainly due to three-photon absorption under the fs laser pulses, and the ZnSe crystal is two-photon absorption. The nonlinear refraction characteristics of the three kinds of crystals are self-focusing because of bound electron. The experimental results show that zinc semiconductor crystals materials and laser pulse width can influence the optical nonlinear characteristics of materials.
INTRODUCTION
At present, there are many nonlinear optical materials including conductor, semiconductor, organic and inorganic nano materials, and so on [1] . In the field of nonlinear optics, because semiconductor materials have high optical rapid response time and nonlinearities characteristics, they have been applied in the field of electric, optics, medical effectively [2, 3] . In recent years, because of wide band gap and special properties II-VI semiconductor materials have been studied widely, which play a key role in microelectronic devices production. Which the ZnO crystal, ZnS crystal and ZnSe crystal are the most in-depth study materials. Because of the property of high transmittance in visible light and infrared light band, strong absorption in ultraviolet light band, ZnO crystal has been widely applied in the development of optoelectronic devices in near ultraviolet band [4] . ZnS crystal with the properties of low cutoff frequency have been widely applied in the field of laser, shuai0203lucky@163.com solar cells and so on [5] . ZnSe crystal that is favorable infrared optical material have high luminous efficiency, which are successfully applied in many fields, such as nonlinear optoelectronic devices, infrared devices. [6] .
Researching the nonlinear optical characteristics of zinc semiconductor crystals are attracting people's attention. M.A.M [7] etc have sucessfully realized ultrafast all-optical shutter based on two-photon absorption in 2011. Shuai [8] etc. have studied optical nonlinearities of the ZnS crystal under the ps laser pulses, and obtained carrier lifetime in 2012. Gaur [9] have studied optical nonlinearities of the ZnSe crystal using Z-scan technique, and two-photon absorption cross section has been obtained in 2007. We study the nonlinear absorption characteristics and the nonlinear refraction characteristics for the ZnO crystal, ZnS crystal and ZnSe crystal using Z-scan technology under the 21 ps laser pulse width at 532 nm and 130 fs laser pulse width at 800 nm.
THEORETICAL ANALYSIS
The open aperture Z-scan technology is order to study the optical nonlinear absorption properties of materials. The normalized transmittance for the open aperture Z-scan is expressed as [10] :
is the on-axis peak intensity at the focus (z=0), E is the single pulse energy of the pulsed laser, 0  is the beam radius size of the focus,  is the pulse width,  is the nonlinear absorption coefficient, 0 Z is the diffraction length of the beam,
is the effective thickness of the sample, l is the thickness of sample cell, 0 T is the linear transmittance of the materials. When 0 q is less than 1 and m is equal to 0 and 1, transmittance of the medium can be expressed as [10] :
The nonlinear absorption coefficient can be expressed as:
The normalized transmittance for the closed aperture Z-scan is given by:
is the nonlinear phase shift at the focus, k is the wave vector, 2 n is nonlinear refractive index,
is the difference between the normalized peak and the valley transmittance, s is the transmittance of the aperture. The nonlinear refractive index can be obtained from Eqs. (7) and (8):
When there is fifth-order nonlinear effect, the normalized transmittance is: 
is the change of nonlinear phase,  is fifth-order nonlinear refractive index. Fig. 1 shows the experimental device. After passing an attenuator (At), the laser beam is focused by a lens with the focal length of 308 mm, and then is split into two parts by a Beam Splitter (BS). One part has been measured by the laser detector D 1 in order to study the nonlinear absorption of the samples. The second part has been measured for studying the nonlinear refraction by the detector D 2 that has a partially closed aperture which is placed in front of it. In our experiment, ps Nd: YAG laser is used as the ps light-source that provides 21 ps laser pulse width at 532 nm, and Ti: Sapphire Self-Mode Lock Femtosecond Laser is used as the fs light-source that provides 130 fs laser pulse width at 800 nm with a repetition rate of 1 Hz. The spatial profiles of the optical pulses are nearly Gaussian. The incident single pulse energy of ps source of ZnO crystal, ZnS crystal and ZnSe crystal are 180 nJ, 654 nJ and 130 nJ respectively. The incident single pulse energy of fs source of ZnO crystal, ZnS crystal and ZnSe crystal are 173 nJ, 115 nJ and 11 nJ respectively.
EXPERIMENTS
Structure of experimental device of Z-scan.
RESULTS AND DISCUSSION
The nonlinear absorption and refraction characteristics of the ZnO crystal, ZnS crystal and ZnSe crystal are studied by using Z-scan technology under the ps and fs laser pulses. Fig. 2 and Fig. 3 show the results of the nonlinear absorption and refraction respectively under the ps laser pulses. From Fig. 2 we can see, when laser pulse width is 21 ps, the normalized transmittance decreases with increase of the beam intensity. The results show that the nonlinear absorption of the ZnO crystal, ZnS crystal and ZnSe crystal are reverse saturable absorption mainly due to two-photon absorption. Because the band gap of the ZnO, ZnS and ZnSe are 3.37 eV, 3.57 eV and 2.7 eV respectively, whilethe photon energy of 532 nm is 2.33 eV, therefore, the three kinds of crystals need to absorb two-photons to transit to conduction band. From Fig. 3 we can find that the nonlinear refraction of the three kinds of crystals are the self-defocusing behavior reveal as the peak-valley shaped curve, and the nonlinear refractive index is negative because of free carrier. Sheik-Bahae etc. have proposed the relationship between the dispersion of bound electron and Kerr refractive index [11] . The refractive index is negative which is mainly attributed to free carrier contribution, when photon energy is less than band gap's 0.7 times. The optical nonlinear absorption characteristics parameters can be obtained by Eqs. (1-3) . The nonlinear absorption coefficients of the ZnO, ZnS and ZnSe crystal under the ps laser pulses The normalized nonlinear absorption curves and refraction curves of the three kinds of crystals are shown in Fig. 4 and Fig. 5 respectively. From Fig. 4 we can see, the nonlinear absorption of the three kinds of crystals are reverse saturable absorption. The nonlinear absorption of the ZnO crystal and ZnS crystal mainly are due to three-photon absorption, and the ZnSe crystal mainly is due to two-photon absorption. Because the photon energy of 800 nm is 1.55 eV, therefore, the ZnO crystal, ZnS crystal need to absorb three-photon to transit to conduction band, and the ZnSe crystal needs to absorb two-photon to transit to conduction band. From Fig. 5 we can find that the nonlinear refraction of the three kinds of crystals is the self-focusing, and the nonlinear refractive index is positive because of bound electron. Sheik-Bahae etc. [11] have studied that the refractive index is positive which is mainly attributed to Bound electron Kerr Effect, when photon energy is less than band gap's 0.7 times. The optical nonlinear absorption characteristics parameters can be obtained by Eqs. (1-3) 
SUMMARY
The nonlinear absorption and refraction properties of the ZnO crystal, ZnS crystal and ZnSe crystal were studied using Z-scan technology under the ps and the fs laser pulses. The experimental results show that the nonlinear absorptions of the three kinds of crystals are all reverse saturable absorption and they mainly are due to two-photon absorption under the ps laser pulses. The nonlinear refraction characteristics are self-defocusing and the nonlinear refractive indexes are negative because of free carrier. The nonlinear absorption of the three kinds of crystals are reverse saturable absorption under the fs laser pulses, which the ZnO and ZnS crystal mainly are due to three-photon absorption, and the ZnSe crystal mainly is due to two-photon absorption. The nonlinear refraction characteristics of the three kinds of crystals are self-focusing and the nonlinear refractive indexes are positive because of bound electron. Therefore, zinc semiconductor crystals materials and laser pulse width have influence on the optical nonlinear characteristics of materials.
